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METHOD FOR TREATMENT OF SLE 
Background of the Invention 

The present invention includes methods and 
reagents for treatment of Systemic Lupus Erythematosus 
("SLE") patients characterized double stranded (ds) 
DNA by administration of reagents reactive with 
doublestranded DNA antibodies to alleviate damage 
resulting from the antibodies. 

This applicatiim claims priority to 
International Applicatirai(ip^ PCT/US96/07597 filed May 
24, 1996 and Provisionar p^ent application U,S, 
Serial No, 60/011,867 filed R^bruary 15, 1996. 

The U.S. government has rights in this 

invention by virtue of National Institutes of Health 

grant No. AR31133, ROl AR32214, and POl AI2156 to 

Morris Reichlin, 

Relationship of antibodies to dsDNA, the 
RNAproteins Ro/SSA, La/SSB, U^RNP, and Sm, and 
clinical disease expression. 

The laboratory directed by Morris Reichlin at 

the Oklahoma Medical Research Foundation, Oklahoma 

City, Oklahoma, has been engaged in the study of 

autoimmune responses to RNAprotein antigens in SLE 

patients for over 2 0 years. Researchers have reported 

the initial descriptions of the Ro/SSA (Clark, G.M., 

Reichlin, M. and Tomasi, T.B. J". Immunol., 102:117-122 

(1969)), La/SSB (Mattioli, M. and Reichlin, M. 

Arthritis Rheum., 17:421-429 (1974)), and nRNP{UiRNP) 

(Mattioli, M. and Reichlin, M. J. Immunol,, 107:1281- 

1290 (1971) ) systems, while others described the Sm 

antigen (Tan, E.M. and Kunkel, H.G. J. Immunol., 

99:464-471 (1966) ) . 
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Over time, it has become apparent that certain 
profiles of anti-RNA protein antibodies are positively- 
correlated with nephritis while other profiles are 
"negatively" correlated or "protected" from the 
development of serious renal disease. Thus, 
antibodies to nRNP(UiRNP) alone were found to have a 
low frequency of nephritis (Sharp, G.C., et al. Am. J". 
Med., 52:148-159 (1972); Reichlin, M, and Mattioli, M. 
N. Engl. J. Med., 286:908-911 (1972)) while patients 
with both anti-nRNP and anti-Sm (or anti-Sm alone) had 
a high frequency of nephritis (Reichlin, M, and 
Mattioli, M. N. Engl. J. Med., 286:908-911 (1972); 
Maddison, P.J., et al . J". Rheumatol., 5:407-411 
(1978)), In patients with anti-Ro/SSA alone, a high 
frequency of nephritis was noted (Wasicek, C.A. and 
Reichlin, M. J. Clin. Invest., 69:835-843 (1982); 
Hamilton, R.G., et al . , Arthritis Rheum. , 31:496-505 
(1988); Harley, J.B., et al . Arthritis Rheum., 
32(7^:826-836 (1989)), while in those with both anti- 
Ro/SSA and anti-La/SSB, a low prevalence of nephritis 
was found. Studies of acid eluates from lupus 
nephritis kidneys have demonstrated enrichment of 
anti-Ro/SSA compared to serum levels (Maddison, P.J. 
and Reichlin, M. Arthritis Rheum., 22:858-863 (1979)), 
supporting the participation of Ro/SSA-anti-Ro/SSA 
complexes in the development and/or the perpetuation 
of . the nephritis, Elution studies of antibodies to 
the U^RNP/Sm complex also showed enrichment, but the 
precise specificities of these complexes (anti-Sm or 
anti-nRNP) were not determined because of technical 
limitations (Koffler, et al . J. Exp. Med., 134:294-312 
(1971)). Serum levels of anti-Sm antibodies have been 
shown to fluctuate with disease activity (including 
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nephritis) in some SLE patients (Barada, et al . , 
Arthritis Rheum,, 24:1236-1244 (1981)). These data 
indicate a role for the Ro/SSA and Sm systems in the 
development of nephritis, but only 50% of patients 
with either anti-Ro/SSA alone or anti-nRNP and anti-Sm 
(or anti-Sm alone) develop nephritis. 

Much data support a major role for the DNA- 
anti-DNA system in the pathogenesis of lupus 
nephritis. Clinical studies show that high serum 
anti-DNA levels correlate positively with the activity 
of nephritis, and that remissions are associated with 
declining anti-DNA levels (Harley, et al.. Arthritis 
Rheum, (1989); Tan, et al. J. Clin Invest,, 45:1732- 
1740 (1966); Schur, P.H. and Sandson, J. N, Engl, J, 
Med,, 278:533-538 (1982)). Anti-DNA has been shown to 
be enriched in serum cryoglobulins (Winfield, et al., 
J, Clin, Invest,, 56:563-570 (1975)) and in acid 
eluates of lupus nephritis kidneys (Maddison and 
Reichlin (1979); Miniter, et al.. Arthritis Rheum,, 
22:959-968 (1979); Beaulieu, et al . Arthritis Rheum,, 
22:565-570 (1979)). In all these studies, the 
specificity of these antibodies are to dsDNA (double 
stranded or native DNA) . 

Antibodies to native or ds DNA play a special 
role in the clinical diagnosis and pathology of 
Systemic Lupus Erythematosus (SLE) . These 
autoantibodies are highly specific, frequently 
correlate positively with disease activity (especially 
nephritis) , and remissions are usually associated with 
declining anti-dsDNA levels (Hahn and Tsao, Antibodies 
to DNA. -Tn Dubois, Systemic Lupus Erythematosus. D- 
J. Wallace and B. H, Hahn, editors. (Lea and Febiger, 
Philadelphia, PA 1993) pp. 195-201; Harley, et al.. 
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Arthritis Rheum, 32:826-836 (1989); Tan, et al . , J, 
Clin. Invest. 45:1732-1740 (1966); Schur and Sandson, 
N. Engl. T. Med. 278:533-538 (1982)), Patients who 
produce antibodies to the Ro/SSA and La/SSB (Harley, 
et al. (1989); Wasicek and Reichlin, J. Clin. Invest. 
69:835-843 (1982); Hamilton, et al . , Arthritis Rheum. 
31:496-505 (1988); antigens as well as those that only 
have precipitins to U^RNP (Sharp, Am. J. Med. 52:14 8- 
159 (1972); Reichlin and Mattioli, N. Engl. J. Med. 
86:908-911 (1972)) very infrequently have anti-dsDNA 
in their serum and have a correspondingly low 
prevalence of nephritis. The mechanisms of these 
negative relationships of antibodies to Ro/SSA and 
La/SSB and U^RNP with anti-dsDNA are not understood. 

Studies have been reported in the literature 
describing differences in the ability of murine 
monoclonal antibodies to dsDNA to induce nephritis 
when hybridomas producing these antibodies are placed 
in normal mice (Tsao, et al . J. Clin. Invest., 85:530- 
540 (1990)). Others have shown that murine monoclonal 
antibodies penetrate cells, bind to nuclei, and induce 
glomerular proliferation and proteinuria in vivo 
(Vlahakos, et al., J. Am. Soc. Nephrol. 2:1345-1354 
(1992)). Most recently, others have reported direct 
in vitro binding of murine monoclonal antibodies to 
glomeruli which is DNA deperxdent (DiValerio, et al . , 
Clin. Res., 42:139A (1994)). 

Reichlin, et al . , The Immunologist 3/3, 84-88 
(1995) , characterizes anti-dsDNA antibodies as cross- 
reactive with unfolded or denatured A and D SnRNP 
polypeptides. Koren, et al., J. Immunol. 154:4857- 
4864 (1995) , reported that murine and human antibodies 
to native DNA that cross-react with the A and D SnRNP 



407342 



OMRFlSBcip 20487/184 



polypeptides cause direct injury of cultured kidney 
cells. However, many questions remain about the 
mechanisms of lupus nephritis and the role of 
antibodies to dsDNA, 

It is therefore an object of the present 
invention to provide methods and reagents for 
neutralizing the pathogenicity of antibodies to double 
stranded (ds) DNA. 

It is another object of the present invention 
to develop specific therapy based on anti-idiotypes to 
anti-dsDNA. 

Summary of the Invention 

Treatments have been developed for lupus 
patients using either anti-ID antibodies to dsDNA to 
block anti-dsDNA antibodies and/or kill the B cells 
producing the anti-dsDNA antibodies or ribosomal 
protein SI peptides immunoreactive with anti-dsDNA 
antibodies. Examples demonstrate that (1) anti-dsDNA 
antibodies are cross-reactive with ribosomal protein 
SI, (2) anti-dsDNA antibodies suppress protein 
synthesis, presumably through inhibition of mRNA 
translation initiation, and (3) a normal human sera 
contains an anti-idiotypic antibody (anti-Id) to anti- 
dsDNA antibodies isolated from SLE patients which 
blocked the interactions between the anti-Id antibody 
fragment. (Fab2) and various anti-dsDNA preparations. 

Brief Description of the Drawings 

Figure 1 is a graph of the inhibition of 
antibody binding to the recombinant protein (G7-RP) by 
DNA in ELISA, 5.0 ixg/ml of G7-RP was used to coat the 
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ELISA plates. 33. C9 ( ), 33.H11(0), patient sera LG 
(a) and JP (a), anti-dsDNA(AP) (■) , and anti-dsDNA(IK) 
(□) were preincubated with 0, 0.1, 1.0, lo, 100, or 
f^^ 1,000 ixg/ml of calf thymus dsDNA (--,-■) or Yeast tRNA 
^ before being added to the plates. . '0/0'^ 

iCpf^^ Pi^^^fs 2a and 2b are the nucleotiHe^and 
^ r a^MCed amifao acid^sequenfces of the cDNA insert in G7 . 

Asterisks shbw the stop codon. This sequence has been 
added to the GenBank nucleic acid sequence database, 
1° Los Alamos NatVonal Laboratory, NM, and has been 

Q assigned accession number U27517. 

"hd^^^^^^^s^^^X^nd 3b are an alignment of the ^ , 
^ m ce^faOr core region>e of 5 ribosomal proteins (r- ^ 

^ 2 proteins) SI. AsteMsks show the 5 repeating ^^insj^^ ^ 

■if b, c, d, and e, i^spectively) . Spaces indicate 

positions where gaps ^re introduced to optimize 
Cv O alignment of th^^qu^lSg^ identity 

S ^° ^''^^0,3^^ Alignment of the central core 

(\ W ""^^l^noSf^ residues 63-317. HSl; human r- 

protein Sa: i^resented in Vhis study, ESI; E. coli r- 
^ '~ 26) , RSi; Rhizobium melilotii r- 

^ '-'^^1^ (Ref.^27), CSl; chlorop^ast r-prot^fTsi; (Ref 7 29) . 

Figures 4A-D are graphs comparing the affinity 
2^ of 33.H11 and 33. C9 for G7-RP or DNA in inhibition 

ELISA. 33.H11 [A (0.0031 fig/ml) and C (1.0 Mg/ml) ] 
and 33. C9 [B (0.32 /xg/ml) and D (0.56 /xg/ml)] were 
preincubated with different concentrations of calf 
thymus dsDNA (•) , G7-RP (O) , Yeast tRNA (a), or BSA 
(a), before adding the antibodies to the plates coated 
with calf thymus dsDNA (A and B) or G7-RP (C and D) . 
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Detailed Description of the Invention 

Therapeutic Applicants and Pharmaceutical Compositions 

Based on the results in the examples, one can 
prepare anti-Id reagents (for anti-dsDNA) that can be 
used to downregulate the production of anti-dsDNA, 
In one embodiment, reagents that are anti- 
idiotypic antibodies to anti-dsDNA could be used to 
down regulate or even curtail anti-dsDNA production by 
SLE patients. 

In a second embodiment, free peptide or a 
conjugate of this peptide based on peptide sequence of 
human ribosomal protein SI can be used in tolerance 
induction which could ablate anti-dsDNA. 

Peptide or Protein-based Compositions, 
Attempts to influence anti-DNA production in 
mouse lupus in vivo or in human lymphocytes in vitro, 
are described by Borel, et al,. Science, 182:76-77 
(1973); Borel, et al., J. Clin. Invest., 61:276-286 
(1978); Borel, Y. and Borel, H., J. Clin, Invest,, 
82:1901-1907 (1988). As described by Borel, et al., 
oligonucleotides or nucleosides are attached to 
isologous (same species) ^gG and this is allegedly 
effective in (1) inhibiting the development of an 
immune response to DNA in murine lupus and decreasing 
disease severity, and (2) inhibiting human cells from 
producing anti-DNA in vitro. The "DNA" used by Borel 
is single stranded or denatured which is not optimal 
since the most important response in SLE is to native 
or double stranded DNA. Borel' s work provides an 
appropriate "carrier" for the toleragen, isologous 
gamma globulin. 
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As described herein, peptide (s) that are 
immunoreactive with dsDNA and are derived from the 
human ribosomal protein SI can be used to induce 
tolerance in a patient. Antibodies to dsDNA are the 
disease specific pathogenic autoantibodies of the 
greatest interest. There are two major possibilities: 
(1) inject free peptide, or (2) inject peptide-coupled 
to human IgG, for example, coupled using 
glutaraldehyde or carbodiimide . These two approaches 
should both induce T cell tolerance. They may also be 
effective in inducing B cell tolerance. Both 
approaches are attractive since there is little chance 
of "boosting" the anti-dsDNA response. Should the 
latter occur, it can be treated by standard 
immunosuppressive drugs, alone or in combination with 
anti-La/SSB or anti-U^RNP, as described below. 

Behavior of the peptide or peptide conjugate 
is first studied in an appropriate animal model in 
order to determine efficacy and optimal dosages. 
There are several that could be used, but the most 
attractive is the Palmerston North Mouse. It has been 
shown that these mice, which all produce anti-dsDNA 
and develop nephritis, als^o develop anti-U^RNP and Sm 
responses in almost all the animals with a dominant 
immune response against the A protein of UiRNP 
measured in Western blot, as reported by Handwerger, 
et al., Clin. Res. 42:315A (1994). These mice have no 
detectable antibodies in the first three months of 
life but rapidly develop them after six months of age 
and experience a fulminant glomerulonephritis 
associated with anti-dsDNA antibodies. Dosage would 
range from 3 to 3 00 micrograms per mouse given weekly 
in the first experiments. 



407342 



OMKFlSScip 20487/184 



The same result obtained by administering 
peptide or a peptide conjugate can be achieved by 
coupling recombinant or isolated human ribosomal 
protein SI to human IgG. 
TJ^/" Although described herein with reference to 
Pthe whole! protein, it is preferable to use peptides of 
between a\few amino acids up to about 100 amino acids, 
more preferably less than forty amino acids, still 
more preferably less than ten to twenty amino acids. 
These peptides can be easily ascertained by 
immobilizing the anti-dsDNA antibodies from a 
patient (s) and screening for binding of the peptides. 
Peptides can be prepared using standard techniques for 
amin^^id_^s^t^ or recombinant ly, by engineering 

the cDNA^ encoding the protein, described in Figures 2a 
-an d 2b. ' — ^ 

Anti-Id Antibodies That Are Immunoeactive With 
Anti-dsDNA Antibodies. 

As demonstrated by Example 3, normal human 
sera contains ant i- Id antibodies immunoreactive with 
anti-dsDNA antibodies present in many SLE patients. 
Antibodies for use in treating patients can be 
obtained using standard techniques to harvest 
antibodies from normal people, or, more preferably, 
antibody producing cells are isolated by binding of 
cells expressing antibody using a method as described 
in Example 3 for isolation of antibody. The antibody 
producing cells are then transformed with Eppstein- 
Barr virus (EBV) , amplified in culture, the gene 
encoding the variable region of the anti-Id antibodies 
cloned, inserted into an appropriate vector, and 
expressed in bacteria or another appropriate 
expression system, using known techniques. 
Preliminary studies have yielded several clones. 
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In either case, antibody is administered to a 
patient in a dosage which decreases the amount of 
anti-dsDNA antibody. This is readily determined since 
SLE patients are routinely assayed for blood levels of 
anti-dsDNA. In most cases patients are expected to 
respond as they. do to standard immunosuppressive 
therapy, by decreasing production of anti-dsDNA 
antibodies- In some cases, the antibodies will result 
in killing of the antibody producing cells in the 
patient. Treatments will be repeated as required. 

An alternative approach is to screen 
recombinant libraries of Ig variable ("V") regions 
made from cDNA's reverse transcribed from mRNA 
extracted from peripheral blood lymphocytes from 
patients who produce anti-anti-dsDNA antibodies. A 
number of such libraries can be constructed and then 
screened for clones reactive with Fab anti-dsDNA but 
not normal Fab. These can then be used to produce any 
desired amount of anti-idiotype to anti-dsDNA. 
Alternatively, murine recombinant monoclonal anti- 
idiotypic antibodies directed against relevant 
idiotope(s) on anti-dsDNA can be produced. 

This can be accomplished by the use of 
Pharmacia's (Pharmacia LKB Biotechnology, Sweden) 
"Recombinant Phage Antibody System" (RPAS) , which 
generates a single-chain Fv fragment (ScFv) that 
incorporates the complete antigen-binding domain of 
the antibody. In the RPAS, antibody variable heavy 
and light chain genes are separately amplified from 
the hybridoma mRNA and cloned into an expression 
vector. The heavy and light chain domains are co- 
expressed on the same polypeptide chain after joining 
with a short linker DNA which codes for a flexible 
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peptide. This assembly generates a single-chain Fv 
fragment (ScFv) which incorporates the complete 
antigen-binding domain of the antibody. Compared to 
the intact monoclonal antibody, the recombinant ScFv 
includes a considerably lower number of epitopes, and 
thereby presents a much weaker immunogenic stimulus 
when injected into humans. The murine ScFv molecules 
can be "humanized" to further reduce the immunogenic 
stimulus presented. 

Methods for "humanizing" antibodies, or 
generating less immunogenic fragments of non-human 
antibodies, are well known. A humanized antibody is 
one in which only the antigen-recognized sites, or 
complementarily-determining hypervariable regions 
(CDRs) are of non- human origin, whereas all framework 
regions (FR) of variable domains are products of human 
genes . 

These "humanized" antibodies present a lesser 
xenograft rejection stimulus when introduced to a 
human recipient , 

To accomplish humanization of a selected mouse 
monoclonal antibody, the CDR grafting method described 
by Daugherty, et al . , Nucl. Acids Res., 19:2471-2476, 
1991, incorporated herein by reference, can be used. 
Briefly, the variable region DNA of a selected animal 
recombinant ant i - idiotypic ScFv is sequenced by the 
method of Clackson, T,, et al . , Nature, 352:624-688, 
1991, incorporated herein by reference. Using this 
sequence, animal CDRs are distinguished from animal 
framework regions (FR) based on locations of the CDRs 
in known sequences of animal variable genes. Kabat, 
H.A., et al.l, Sequences of Proteins of Immunologica.! 
Interest, 4th Ed. (U.S. Dept. health and Human 
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Services, Bethesda, MD, 1987) . Once the animal CDRs 
and FR are identified, the CDRs are grafted onto human 
heavy chain variable region framework by the use of 
synthetic oligonucleotides and polymerase chain 
reaction (PGR) recombination. Codons for the animal 
heavy chain CRDs, as well as the available human heavy 
chain variable region framework, are built in four 
(each 100 bases long) oligonucleotides. Using PGR, a 
grafted DNA sequence of 4 00 bases is formed that 
encodes for the recombinant animal CDR/human heavy 
chain FR protection. 

The present invention will be further 
understood by reference to the following examples. 
Example 1: Anti-dsDNA antibodies are cross-reactive 
with hiiman ribosomal protein Sl- 
it has been reported that anti-dsDNA 
antibodies cross-react with a number of proteins (5- 
12) . However, no one has reported using human anti- 
dsDNA antibodies as probes to clone cDNAs which encode 
proteins recognized by anti-dsDNA antibodies. A cDNA 
clone that encodes human ribosomal protein SI which is 
recognized by anti-dsDNA antibodies from SLE patients 
has been isolated using this method. 
Materials and Methods 

Abbreviations : SLE, systemic lupus 
erythematosus; Anti-dsDNA (AP) and anti-dsDNA ( IK) , 
affinity-purified anti-dsDNA antibodies from patient 
sera AP and IK; GST, glutathione S- transferase ; Kd, 
dissociation constant; TBS, tris-buf f ered saline; IFA, 
indirect immunofluorescence; G7-FP, GST-fusion protein 
expressed by G7 ; G7-RP, recombinant protein expressed 
by G7; r-proteins, ribosomal proteins; ESI, E.coli 
ribosomal protein SI; HSl, human ribosomal protein SI 
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Sera 

Affinity-purified anti-dsDNA antibodies were 
eluted from DNA cellulose column (Sigma Chemical 
Company, St, Louis, MO) as described by Reichlin, et 
al., J". Clin. Invest. 93:443 (1994). Ten SLE patient 
sera containing anti-dsDNA antibodies, two samples of 
affinity-purified anti-dsDNA antibodies from patient 
sera AP and IK [anti-dsDNA(AP) and anti-dsDNA(IK) , 
respectively] , and 2 human IgG monoclonal anti-dsDNA 
antibodies (33. C9 and 33.H11) (Winkler, et al . Clin. 
Exp, Immunol. 85:379 (1991)) were used for 
characterizing cDNA clones. The isotypes and light 
chains of 33. C9 and 33.H11 were IgG2 (kappa) and IgGl 
(lambda) , respectively. Both of these monoclonal 
anti-dsDNA antibodies were derived from one SLE 
patient serum. Anti-dsDNA antibodies were detected by 
the Crithidia assay (Aarden, et al., Ann. NY Acad. 
Sci. 254:505 (1975) ) . 

S creening of cDNA libraries 

A phage lambda gtll cDNA library constructed 
from mRNA of human liver (Clontech Laboratories Inc., 
Palo Alto, CA) was screened as described by Young and 
Davis, Proc. Natl. Acad. Sci. USA 80:1194 (1983) with 
a SLE patient (LG) serum which contained a high titer 
of anti-dsDNA antibody. Serum LG also contained anti- 
UlRNP and anti-Ku antibodies. A positive plaque was 
sequentially subcloned until all progency plaques were 
recognized by the serum. 

Preparation of glutathione S-transf erase 

fusion protein and recombinant protein. 

Western blot 

EcoRI -digested cDNA insert isolated from the 
recombinant phage was ligated into EcoRI -digested 
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pGEX-lXT expression vector (Pharmacia LKB 
Biotechnology Inc., Uppsala, Sweden). The glutathione 
S-transf erase (GST) fusion protein was expressed in E. 
coli and purified by using glutathione sepharose 4B as 
described by Smith, et al . , Gene (Amst.) 67:31 (1988). 
The GST carrier protein was removed by thrombin 
proteolysis to isolate the recombinant protein. 
Western blot was performed as described by Itoh, et 
al., Clin. Exp. Inununol . 81:45 (1990). In Western 
blot, alkaline phosphatase-conjugated goat -anti -human 
IgG (Sigma Chemical Company, St. Louis, MO) was used 
as the second antibody. Patient sera were diluted to 
1:100 for use in Western blot. 

Treatment of sera with DNAse I 
To treat the sera with DNAse 1, sera were 
incubated with 10 /xg/ml of DNAse I (Sigma Chemical 
Company, St. Louis, MO) for 1 H at 37° before 
incubating with nitrocellulose (NC) membranes in 
West_ern blot . 

Inhibition Western blot 

Inhibition Western blot reactivity of the sera 
against the GST-fusion protein was accomplished by 
preincubating with appropriate dilutions of the sera 
for 3 h at room temperature with 0, 5, 10, 50, or 100 
/xg/ml of calf thymus dsDNA or Yeast tRNA (Sigma 
Chemical Company, St. Louis, MO) before incubating the 
sera with NC membranes bound GST- fusion protein. 

Inhibition ELISA 

Purified recombinant protein (5.0 /xg/ml in 
0.05 M carbonate bicarbonate buffer, pH 9.6) was 
coated on a microtiter plate well (Costar, Cambridge, 
MA) by incubating overnight at 4^C. For coating the 
plates with DNA, 0,5 mg/ml of protamine sulfate was 
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precoated by incubating for 3 h at room temperature. 
After washing twice with 0.05% Tween 20 in PBS, 20 
fig/ml of calf thymus dsDNA (Sigma Chemical Company, 
St. Louis, MO) was coated by incubating overnight at 
4°C. Appropriate dilutions of the sera were 
preincubated with different concentrations of the 
recombinant protein, BSA, calf thymus dsDNA, or Yeast 
tRNA (Sigma Chemical Company, St. Louis, MO) for 3 h 
at room temperature before applying the sera to the 
plates. After blocking the plates with 0,1% BSA in 
PBS (4°C, overnight) , preincubated sera were added and 
incubated (4^C, overnight) . After washing 5 times 
with 0.5% Tween 20 in PBS, alkaline phosphatase- 
conjugated goat anti- serum IgG (Sigma Chemical 
Company, St. Louis, MO) was added and incubated (4°C, 
overnight). After washing 5 times with 0.05% Tween 20 
in PBS, p-nitrophenyl phosphate substrate solution was 
added and the OD at 4 05nm as measured. % inhibition 
was .defined as follows; % inhibition = 

OD without inhibitor - OD with 
inhibitor ^ -^qq 

OD without inhibitor 

Calculation of dissociation constant of antibodies 

The dissociation constant (Kd)^ were 
calculated by Scatchard analysis as described by 
Friquet et al . , J . Immunol . Methods . 77:305 (1985). 
Preparation of M0LT4 cell extract 
M0LT4 cells were collected, washed twice with 
0.02M Tris-buffered saline (TBS), and were 
resuspended in O.OIM Tris-HCl, 0.015M NaCl , 0.0% 
Nonidet P-40, pH 7,2. After centrif ugation at 10,00g 
for 15 min, the supernatant was used as M0LT4 cell 
extract . 
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Affinity purification of antibodies bound the 

GST- fusion protein 

After the purified GST- fusion protein was 
electrophoresed and transferred to NC membranes, 
membranes were blocked with 5% skim milk solution in 
TBS. Membranes were then incubated with a patient 
serum LG for 2 h at room temperature. After washing 3 
times with 0.05% Tween 20 in TBS, membrane -bound 
antibodies were eluted by 0,5M glycine-HCl, pH 2.9, 
neutralized by adding Tris base, and then concentrated 
using Centricon 30 concentrator (Amicon Division, W.R. 
Grace, Denvers, MA) . These purified antibodies were 
used as probes for Western blot using MOLT4 cell 
extract . 

DNA sequencing 

A cDNA insert isolated from a recombinant 
phage (EcoRI fragments) was digested with several 
restriction enzymes (Bgl II, EcoRV, Pst I, and Sau3A 
I; Eromega Corp., Madison, WI) and the resulting DNA 
fragments were ligated into the polylinker regions of 
M13mpl8 replicative form DNA, Nucleotide sequences 
were determined by using the dideoxychain termination 
method (Sanger, et al. Proc. Natl, Acad, Sci. USA 
74:5463 (1977)) with T7 DNA polymerase (Dale, et al . 
Plasmid 13:31 (1985)) (U.S. Biochemical Corp., 
Cleveland, OH) . Nucleotide and amino acid sequence 
were analyzed using the Sequence Analysis Software 
Package of the. Genetics Computer Group, University of 
Wisconsin (Devereux, et al . , Nucleic Acids Res, 12:387 
(1984)) on a VAX 8250 computer. 

Inhibition immunofluorescence 

Appropriate dilutions of 33. C9 and 33.H11 were 
preincubated with 0, 1.0, 10, 100, or 1,000 fxg/ml of 
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the recombinant protein, BSA, calf thymus dsDNA, or 
Yeast tRNA overnight at 4<^C before applying the 
antibodies for indirect immunofluorescence (IFA)^ 
using Hep 2 cells. IFA using Hep 2 cells (INOVA 
Diagnostics, Inc., San Diego, CA) was performed as 
described by Gonzalez, et al., N.Engr. J". Med. 274:1333 
(1966) . FITC-labelled goat anti-human IgG (Sigma, 
Chemical Company, St. Louis, MO) was used at the 
second antibody. 
Results 

Isolation and characterization of a cDNA 
encoding a protein bound by anti-dsDNA 

antibody 

Using a SLE patient (LG) anti-dsDNA serum as a 
probe, 1 X 10^ clones of the human liver cDNA library 
in lambda gtll phage were screend and one positive 
clone (termed G7) obtained. This clone was recognized 
by anti-dsDNA antibodies [anti-dsDNA antibody-positive 
patij^nt sera LG and AC, anti-dsDNA (AP) , and anti- 
dsDNA(lK) anti-bodies] when the jS-galactosidase fusion 
protein was induced by isopropyl thiogalactoside . On 
the other hand, normal control, anti-Ku, and anti- 
UlRNP antibody-positive sera did not react with this 
fusion protein. EcoRI -digestion of the recombinant 
phage DNA demonstrated a 1.3-kb cDNA insert in G7 . 

To expx-ess the GST- fusion protein, the cDNA 
insert was then ligated into pGEX-lXT expression 
vector. A Western blot of the GST-fusion protein 
expressed by G7(G7-FP) was carried out. G7-FP (66 
kDa) was electrophoresed (10% polyacrylamide gel) and 
transferred to nitrocellulose membranes. NC membranes 
were incubated with following sera; Anti-dsDNA patient 
sera LG, BK, JP, WC, JH, RP, CC, JC, BJ, and AC, anti- 
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dsDNA(AP), anti-dsDNA(IK) , 33. C9, 33.H11, normal 
control serum, and anti-UlRNP/Sm antibody serum lA. 
As shown on the Western blot, all the 10 patient sera 
containing anti-dsDNA antibodies (diluted to i:100), 
both of the affinity-purified anti-dsDNAs (6.6 fig /ml) , 
and both of the IgG human monoclonal anti-dsDNA 
antibodies (27 /ig/ml of 33. C9 and 1.8 jug/ml of 33.H11) 
recognized the 66 kDa GST- fusion protein expressed by 
G7 (G7-FP)^ (28 kDa of 66 kDa is the GST portion and 
38kDa is expected to be the recombinant part encased 
by G7) . None of them reacted with GST carrier protein 
which was expressed in E. coli transformed with non- 
insert pGEX-lXT vector on Western blot. Inhibition of 
antibody binding to the GST- fusion protein or the 
recombinant protein by DNA was demonstrated by Western 
blot. G7-FP (66 kDa) was electrophoresed (10% 
polyacrylamide gel) and transferred to NC membranes. 
33. C9 (0.27 /ig/ml) was preincubated with 0, 5, 10, 50, 
or 100 /xg/ml of calf thymus dsDNA or Yeast tRNA before 
incubating with NC membranes. As demonstrated by the 
Western blot, 33. C9 recognized G7-FP even if 33. C9 is 
diluted to 0.27 /xg/ml . As there is a possibility that 
anti-dsDNA antibodies bind to DNA in sera and this DNA 
which made complexes with anti-dsDNA antibodies binds 
to G7-FP, anti-dsDNA antibodies [33. C9 (27 /xg/ml) and 
serum LG (diluted to 1:100)] were treated with DNAse 
I . Treatment by DNAse I did not decrease the 
reactivity of these antibodies against G7-FP on 
Western blot. This result shows that anti-dsDNA 
antibodies react directly with G7-FP. 

To establish the specificity of antibodies 
which recognize the 66 kDa G7-FP in Western blot as 
anti-dsDNA antibodies, 33. C9 (0.27 ^ig/ml) was 
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preincubated with different concentrations of calf 
thymus dsDNA or Yeast tRNA before incubating with the 
NC membrane bound G7-FP. The reactivity of 33. C9 
against G7-FP was inhibited by 5 /xg/ml of DNA but not 
5 by RNA. 

G7-GP was proteolysed with thrombin to isolate 
the recombinant protein (G7-RP) . 

Polyacrylamide/NaDodS04 gel electrophoresis (SDS-PAGE) 
and Western blot analysis of Gy-RP solution showed 
10 that only one recombinant protein band (42 kDa) was 

seen and was recognized by anti-dsDNA antibody- 
positive patient serum LG, anti-dsDNA (AP) , anti-dsDNA 
III (IK), 33. C9, and 33.H11 but was not recognized by 

S normal control, anti-UlRNP, nor anti-Ku antibody- 

i§ positive sera. Thus, one can conclude that this 

Im recombinant protein solution contains only G7-RP and 

3L has antigenicity. 

1^ The inhibition of antibody binding to G7-RP by 

1^ DNA.jwas also examined in ELISA (Figure 1) , Two anti- 

^ dsDNA antibody-positive patient sera (LG and JP 

^ diluted to 1:10^), affinity-purified anti-dsDNA 

antibodies [anti-dsDNA(AP) and anti-dsDNA (IK) , both of 
which were 0.33 /xg/ml, and 33.H11 (0.0071 /zg/ml) were 
pre- incubated with different concentrations of calf 
25 thymus dsDNA or Yeast tRNA before adding these 

antibodies to the plates coated with G7-RP. 
Reactivity of all these anti-dsDNA antibodies was 
inhibited almost completely (% inhibition greater than 
90%) by DNA but not by RNA. 
^0 These results suggest that antibodies which 

recognizes G7-FP or G7-RP are anti-dsDNA antibodies. 
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Reactivities of the affinity-purified 
antibodies eluted from G7-FP with M0LT4 cell 

extract . 

G7-FP- transferred NC membrane was incubated 
with serum LG. The antibodies that bound G7-FP from 
this NC membrane were eluted. This affinity-purified 
antibody at concentration of 5 ixg/ml was positive for 
anti-dsDNA antibody by the Crithidia assay and 
recognized G7-FP on Western blot. 

The affinity-purified antibody eluted from G7- 
FP was used as a probe in Western blot to identify the 
responsible protein which the cDNA insert in G7 
encodes. Reactivity of the affinity-purified antibody 
eluted from G7-FP with M0LT4 cell extract was 
determined by SDS-PAGE (5.5% polyacrylamide gel) 
transferred to NC membranes. The NC membranes were 
incubated with normal control serum, affinity-purified 
antibody eluted from G7-FP, patient sera LG, AC, and 
JP, _anti-dsDNA(AP) , anti-dsDNA (IK) , 33. C9, anti-UlRNP 
patient serum YN, and anti-Ku patient serum HK. A 
common protein band (104 kDa) was recognized by all 
the anti-dsDNA antibodies and the affinity-purified 
antibody eluted from G7-FP. The affinity-purified 
antibody (from serum LG) at a concentration of 5 /xg/ml 
eluted from G7-FP reacted only with this 104kDa 
protein. 

On the other hand, normal control, anti-UlRNP, 
and anti-Ku antibody-positive sera did not react with 
this protein. Also in Western blot with 12.5% 
polyacrylamide gel using M0LT4 cell extract, the 
affinity-purified antibody eluted from G7-FP 
recognized only this 104kDa protein and this protein 
band was commonly reactive with anti-dsDNA antibodies 
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(not shown) . Thus, it appears that this 104 kDa 
protein at least in M0LT4 cell extract is the 
responsible protein of which G7 encodes a portion. 

Sequence anal ysis o f .the cDNA insert in G7 
The nucleotide sequence of the^ cDNA insert \in 

d^^^^ni^^^P.N Its primary nucleotide, and dedutred 

dinino acicL\sequendes (GenBank no. U27517) are^shown in 

\ (M!^'^^^0\\\ 
Figures 2a And 2b. The cDNA inser^ proved to loe 1,314 

nucleotides in length. The TAA stop codon is located 

at positions Yo57-1059. The predicted molecular 

weight for the\ encoded polypeptides^ (352 aftiino. acids) 

IS 38.0 kDa, However, this cDNA insgrt in G7 seems to 

be a partial length cDNA because the molecular weiqht 

of the encoded pblypeptid^ is smaller than the 

estimated full l^gth size (104 kDa) of the reactive \ 

protein in M0LT4 dell extract. Thus, this c^^^does* 

not seem to contai^ the initiation codon. 

search for similarities bet^ween the 

nuclgbtideX sequence of the ^fJNA m G7/ (GenBank no. 
\ 

U27517) and Mother sequences through the NCBI using ^he 
BLAST network\service showed a significant match (9 9% 
identity) with ^ sequence encoding human " ribosomal 
protein (r-proteXn) SI homologiie mRNA reported by 
Eklund at al . , GenV 155:231 (1995)^. However, there 
are 3 nucleotide and^ 1 amino acid differences between 
and their cDNA se^^^^^(GTC^^^ 130-132) i 

GTA (positions 25^-2 94) in their c^^,*^ AGT^ ^ 
(positions 133-135, encodes Ser at residue 45) in^S^ 
vs GCT (positions 295-29X encodes Ala at residue 99) 
m their cDNAj . Moreover, \2 nucleotides (C at 



m 



positions 1355 and 1366) and\l62 nucleotides 
(positions 1-162) m their cDN?^are deleted in^^p^. 
search was made for some similarities betweenthe 
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predictedA ammo acid seqifefice^ and other protein 
sequences \in the SWISSPROT database using the 
algorithm is described by Gish, et al.. Nature 
Genetics 3:1266 (1993); Altschul, et al., J. Mol. Biol. 
215:403 (199^^0) . 

High degree of homology between the central 
core region (residues 63-317) of the predicted 
ammo acid^ of this protein and those of 



several r-proteins SI. 

[dentify and similarity with r-proteins SI are 
folK^ng; 39% i^an^^^and^^s. K^mijarlty with 
coll r-{i^rotein SI (ESI) (26), 4 0 %^i d e nt i ' fy ^ and 64% ' S . \ 
similarity Providenc'?a sp. r-protei^-'.^ScSlir,'^'^ 

et al., Mol. leen. Genet. 200:476 (1985)), 38% identity 

with Rhizobium melilotti r-protein 
Sl^ (Schnier, et'Nal., Nucleic Acids Res. 16:3075 
(1988)), and 50% Vdentity^and 71% similarity with 
chloroplast r-prot^sin Sl^ (Franzetti, 'dt al . , J. Biol. 
Chem. 267:19075 (19\2))>. Moreover, 5 repeating^^^^ ^ ^ -\ 
regions [EGr^T^jresidiie <d758.-i61 and 243-246), DFGAPy ^ 

GI5RV (200-203 and 286-2^), and RISLf^(216-2'2T'and 
302-306)] were observed ^nthe protein sequS^^^ ^) 
These repeating residue^^^l^e^^" figJi'^egree of' 
homology among ot her r-prote^n s SI (Figures 3a and 
3^4-^ ■ " 

Inhibition immunofluorescence 

Inhibition of indirect immunofluorescence was 
measured using Hep 2 cells. Staining of Hep 2 cells 
by 33.H11 or 33. C9 without preincubation, after 
preincubation with G7-RP [100 ^xg/ml for 33.H11 or 
1,000 iig/ml for 33. C9], or after preincubation with 
calf thymus dsDNA [1,000 ng/ml for 33.H11 or 1 . 0 ng/ml 
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for 33. C9]. 33.H11 (0.18 fxg/ml) without inhibitor 
added showed cytoplasmic and nucleolar staining 
pattern while 33.C9 (1.7 /xg/ml) showed homogenous 
nuclear staining pattern in IFA. After preincubating 
with from 1 . 0 to 1,000 ^g/ml of BSA or RNA as negative 
controls, these staining patterns were not changed or 
diminished. The staining pattern of 33.H11 was 
inhibited by 100 and 1,000 /xg/ml of G7-RP and by 1,000 
/xg/ml of calf thymus dsDNA while that of 33. C9 was 
inhibited by from 1.0 to 1,000 /xg/ml of calf thymus 
dsDNA but not by any concentration of G7-RP. 

Comparison of the affinity of 33.hll and 33. C9 
against G7-RP or DNA by inhibition EL ISA 



The inhibition of 33.H11 and 33. C9 binding to 
G7-RP was compared by DNA or reciprocally binding to 
DNA by G7-RP in inhibition ELISA (Figures 4A-D) . 
33.H11 was diluted to 0.0031 /xg/ml and 1.0 /xg/ml while 
33. C9 was diluted to 0.32 /xg/ml and 0.56 /xg/ml for 
ELISA using calf thymus dsDNA and G7-RP as antigens, 
respectively. These antibody concentrations were used 
as they gave 75% of the maximum OD for the ELISA 
coated with calf thymus dsDNA or G7-RP when saturating 
amounts of antibody were used. These antibodies were 
preincubated with from 0 to 1,000 /xg/ml of G7-RP, caFf 
thymus dsDNA, bSA, or Yeast tRNA, The binding of 1.0 
/xg/ml of 33.H11 to Gy-RP was not inhibited by DNA 
(Figure 4C) while the binding of 33. C9 was inhibited 
completely by DNA (Figure 4D) . On the other hand, in 
an ELISA with DNA-coated plates, the inhibition of 
33. C9 by G7-RP was far less effective (Figure 4B) 
compared with that of 33.H11 (Figure 4A) , as about 100 
times more G7-RP was required for inhibition. These 
data suggest that 33.H11 binds G7-RP more strongly 
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than does 33. C9 while 33. C9 binds DNA more strongly 
than does 33.H11. 

Kd value of 33. C9 and 33 .Mil for G7-RP or DNA 

From the data of the inhibition ELISA coated 
with G7-RP (described as the open circles in Figure 4C 
and 4D) and calf thymus dsDNA (described as the closed 
circles in Figure 4A and 4B) , the Kd value of each 
monoclonal anti-dsDNA antibody was calculated for G7- 
RP and calf thymus dsDNA as the ligands, respectively. 

Before the calculation of Kd, average 
molecular weight of the monomer ic unit of calf thymus 
dsDNA were determined because the size of calf thymus 
dsDNA is heterogeneous. If %inhibition/lOO on the 
inhibition ELISA is defined as v, K^ (dissociation 
constant) can be rewritten from the Scatchard equation 
(Friguet, et al. 1985) as follows; 

Kd = ao - iov) (1/v - 1) 
where ao and Xq are the total concentration of the 
inhibitor (mol/1) and the total antibody concentration 
(mol/1), respectively. Therefore, if % inhibition at 
two different concentrations of the inhibitor added 
and io are known, ao (mol/1) and molecular weight of 
the inhibitor can be determined even if K^ is unknown. 
As a result, the average molecular weight of the 
monomeric unit of calf thymus dsDNA was 1.0 x 10^. " 

Kd values of 33. c9 and 33.H11 for G7-RP or DNA 
were calculated by Scatchard plots. 42,000 was used 
as the molecular weight of G7-RP. As shown in Table 
I, the K^ value of 33.H11 for G7-RP was lower than 
that for DNA. On the other hand, K^ value of 33. C9 
for DNA was two magnitudes lower than that for G7-RP. 
As affinities are inversely proportioned to the Kd 
value, these data suggest that 33.H11 has a higher 
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affinity for G7-RP than for DNA while 33. C9 has a much 
higher affinity for DNA than for G7-RP. These 
differences of affinities correlate with the different 
staining patterns of IFA exhibited by the 2 monoclonal 
anti-dsDNA antibodies. In that view, 33.hll binds the 
cytoplasm plus nucleolus where one would expect the r- 
protein SI to be localized and 33. C9 binds the nucleus 
where DNA is localized. 

Table I. Kd (dissociation constant) (mol/l) of the 

two hiiman IgG monoclonal anti-dsDNA 
antibodies for calf thymus dsDNA or G7- 
RP. 

ligand 

antibodies calf thymus dsDNA G7-RP 
33.H11 1.0 X 10"'' 6.5 X 10"^ 

33. C9 3.0 X 10"^ 3.9 x lO"'' 

Discussion 

summary, a lambda gtll cDNA library 
structek from mRNA of human liver was screened by 
using a SLE^atient serum with anti-dsDNA antibodv and 
a clone G7 wh^h has a 1.3-kb cDNA inse^ S^late'^. 
Not only all of\the 10 anti-dsDNA patient sera but 
also af f inity-pursif ied anti-dsDNA and human IgG 
monoclonal anti-dsWA antibodies recognized the 
protein expressed by\G7 . The affinity-purified 
antibody eluted from fchis protein was positive for 
anti-dsDNA antibody activity by the Crithidia assay. 
Moreover, antibody bindirW to this protein was 
inhibited completely by Dn\ but not by RNA. From 
those observations, it was concluded that anti-dsDNA 
antibodies cross-react with th\^ protein expressed by 
07 . 
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significant match (99% identify) between the 
sequence of the cDNA x^n ^aS9 "k^ c^^^^ 



3 

^ reported bV Eklund^et^al . as encoding human r-protein 
SI homologu\ mRNA^. It appears that anti-dsDNA 
antibodies directly bind to the protein expressed by 
G7 because th^ reactivity of anti-dsDNA antibodies 
against the prbtein was not influenced by DNAase I 
treatment and t^Jie binding of anti-dsDNA antibodies to 
the protein was inhibited cpjnpletelv by DNA. The 
predicted ammo a^iid sequence presented^ in th 



had 



ESI is well 



study ,x 

.... ^-WOOW) 
ome r-protems SI includmg^ESl^, ^ 



^with 

^ iaract>eri2ed at the functional and 

structural level (Subramanian, Prog. Nucleic Acids 
Res. Mol. Biol. 28:loV (1983)) while there are_few ^ . 
reports about mammalia^ r-proteins SI. E^^&^^e^^' 
largest protein of the Vibosome and has the same 
length as the ribosome. Vrhis protein is associated 
with the 3 OS ribosomal suMinit in prokaryotes via its 
N-tej-minal globular domainNand is known to stimulate 
translation by facilitating Vrna binding to the 30S 
ribosomal subunit . The central and C-terminal region 
contain repeating homologous sequences which are known 
to play a key role in the binding of structural 
elements of ^r-protein SI to mRNA.X Five repeating 

and RISLJJ »hich^gj^5nO:P.) 

[ion of the proteiij^ 
were observed (Figures 3a and 3b) . TOiis apparent gene 
duplication which encodes this repeat ^region is absent 
only^l n t-h(=^ nh1 or-r-^pt r-protpin 

Cytoplasmic and nucleolar staining patterns in 
IFA suggests that the antigenic target is the 
ribosome. This is the IFA pattern of human monoclonal 
anti-dsDNA antibody 33.H11 which is inhibited by both 



regions (EGTV /' DF'GApv; 'oLVHYSt GDI 
repeat twice m the central core 
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100 ^g/ml of G7-RP and higher concentrations (1,000 
/xg/ml) of DNA. These results show that G7 encodes a 
ribosomal protein which is recognized by anti-dsDNA 
antibodies. From these observations, it is concluded 
that G7 encodes a part of human r-protein SI (HSl) . 
^K^-^rf^^T^ ]fc has been reported that anti-dsDNA 
^'*'^^fI^tibodie3yhave high frequencies of basic amino acids 
carrying pdeitive charges in the heavy chain 
complementarity determining regions and that arginine 
is the most vWsatile amino acid for binding with 
negative -charg^ DNA (31) . However, there are no high 
scoring negativdv charged segments, which could be an 
epitope for anti-NisDNA antibody, in the primary 
sequence of HSl. \hese observations might suggest 
that cross-reaction^between anti-dsDNA antibody and 
ftsU are not dependentAon charge interaction in the 
primary sequence alone\but rather that the cross - 
reactive epitope dependsy on conformational apposition 
of negative charges in thfe tertiary structure of HSl. 
However, it is likely thatXnsi mimics DNA because 
anti-dsDNA antibodies crossVeact with HSl. It is 
also appealing to believe th^ proteins which "mimic" 
^^^e^struc ture of DNA--eQH^d--fia-a^ -rr^i ^ i mmnvzqeH. 

Both 33.H11 and 33. C9 are IgG monoclonal anti- 
dsDNA antibodies (Winkler, et al., Clin. Exp. Immunol. 
85:379 (1991)) and strongly recognized the protein 
expressed by G7 . However, in IFA, 33.H11 did not show 
a homogeneous nuclear pattern and the homogeneous 
nuclear staining patterns of 33. C9 was not inhibited 
by G7-RP but was inhibited by as little as 1 . 0 /ig/ml 
of DNA. Also in ELISA, much lower concentrations of 
DNA were able to inhibit the binding of 33. C9 to G7-RP 
compared with that of 33.H11 while much higher 
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concentrations of G7-RP were needed to inhibit the 
binding of 33. C9 to DNA compared with that of 33.H11. 
Although the binding of 33.H11 (l.O ^xg/ml) to G7-RP 
did not seem to be inhibited even by 1,000 g/ml of DNA 
(Figure 4C) , that of 33,H11 (0.0071 g/ml) to G7-RP 
were inhibited completely by DNA (Figure 1) . 
Therefore, it is likely that this concentration (1.0 
g/ml) of 33.H11 in Figure 4C is too high to be 
inhibited by DNA. Analysis of value showed that 
33.H11 has a higher affinity for HSl than for DNA 
while 33. C9 has a higher affinity has a iiigher 
affinity for DNA than for HSl. In most anti-dsDNA- 
positive SLE patient sera, anti-dsDNA antibodies 
behave like 33. C9 which has a higher affinity for DNA 
than for HSl but indeed recognizes HSl. Anti-dsDNA 
antibodies of this type likely predominate because 
such sera rarely show a cytoplasmic and nucleolar 
staining pattern but rather a classical nuclear 
pattern but rather a classical nuclear pattern in IFA 
as does 33 . C9 . 

Yanase, et al. Lab. Invest. 71:52 (1994), have 
reported that anti-dsDNA antibodies penetrate living 
cell membranes and bind to cytoplasmic proteins before 
binding to the nucleus. From these standpoint, anti- 
dsDNA antibodies like 33.H11 recognize HSl strongly 
and are trapped in the cytoplasm preventing their 
entry into the nucleus. In studies with living PK15 
cells, 33.H11 penetrates the plasma membrane and 
indeed localizes in the cytoplasm. 

I'k is -assumed that most of the amino acid 
sequences w\ich G7 encodes are mRNA-bindinq sites on 
HSl because f\ve repeating regions^ (residues /l58-306) 
which repeat tWace m HSl and k^e supposed to be a 
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featureXof the mRNA binding site are observed. 
ThereforV if anti-dsDNA antibodies like 33.H11 bind 
to mRNA-b\nding portions on RSI, these anti-dsDNA 
antibodiesVnight block the binding of mRNA to 4 OS 
(eukaryotesV ribosomal subunit, that is, the 
initiation reaction of translation. 

Example 2: Suppression of Protein Synthesis by anti- 
dsDNA antibodies cross -reactive with 
Ribosomal Protein SI. 

Four systemic lupus erythematosus (SLE) 
patient sera containing anti-dsDNA Antibodies, 3 
affinity-purified anti-dsDNA IgG, and a human 
monoclonal anti-dsDNA Ab {33.H11) immunoprecipitate 
188 ribosomal RNA from DNase-treated ^^P-labeled M0LT4 
cell extract. This 188 RNA precipitation was 
inhibited completely by preincubating 33.H11 with calf 
thymus dsDNA or the recombinant human ribosomal 
protein 81, which was described in Example 1 as cross - 
reactive with anti-dsDNA antibodies. 33.H11 did not 
immunoprecipitate 188 RNA when deproteinized labeled 
cell extract was used as the antigen. Whole IgG from 
3 SLE sera with anti-dsDNA Antibodies, 33.H11, and 3 
affinity-purified anti-dsDNA IgG inhibited in vitro 
translation of globin mRNA {% inhibition was 36-50%) . 
This translation inhibition by anti-dsDNA Antibodies*" '' 
was enhanced (67-79%) when the reticulocyte lysate was 
treated with DNase. Suppression of protein synthesis 
,is thereby indicated as a pathogenic mechanism of 
anti-dsDNA Antibodies. The r-protein 81 in E. coli is 
well known to be associated with the 3 08 ribosomal 
subunit via its N-terminal globular domain. This 
protein has mRNA-binding sites and plays a key role in 
transaction initiation by binding to mRNA in E. coli. 
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In this study, anti-dsDNA Antibodies were shown to 
immunoprecipitate 18S ribosomal RNA and suppress in 
vitro translation of mRNA, These date are the first 
to demonstrate inhibition of in vitro protein 
synthesis by anti-dsDNA Antibodies. 
Materials and Methods 

Recombinant r-protein SI 

Recombinant r-protein SI (42 kDa) expressed 
from G7 clone (G&-RP) was prepared as described in 
Example 1 . 

RNA immunoprecipitation (RNA- IP) 
A procedure based on that of Matter, et al . 
Arthritis Rheum. 25:1278 (1982) was used. M0LT4 cells 
(2 X 10^ cells) were labeled with 100 /zCi of ^^P- 
phosphate (ICN Pharmaceuticals Inc., Costa Mesa, CA) 
in RPMI 1640 medium (phosphate -free) for 16 h. Cells 
were washed with Tris-buf f ered saline (TBS) , lysed in 
0.01 M tris-HCl, pH 7.2, 0,145 M NaCl, 0,5% Nonidet P- 
40 _(NP-40) for 20 min, and centrifuged at 10,000 g for 
10 min. After centrif ugation, 100 /xl of the 
supernatant was incubated with 10 units of RQl DNase 
(RNase-free) (Promega Corp., Madison, WI) for 30 min 
at 37°C and was used as the labeled cell extract. Two 
mg of Protein A Sepharose 4B (Pharmacia LKB 
Biotechnology Inc., Uppsala, Sweden) preswollen in 500 
Ml of NET-2 (0.01 M tris, 0.15 M NaCl, pH 7.5, 0.05% 
NP-40) was incubated with an appropriate amount of 
antibodies (10 fil for a serum) for .15 h at 4°C, and 
then washed 5 times with NET-2. The antibody-bound 
beads were incubated for 2 h at 4<^C with the labeled 
cell extract. After 5 washes with NET-2, the beads 
were incubated with 1 unit of RQl DNase for 30 min at 
37<^C. Precipitated RNAs were extracted by phenol 
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extraction and ethanol precipitation and analyzed on 
polyacrylamide non-denaturing gel electrophoresis 
(2.5% acrylamide, 0.04 M Tris-acetate, pH 7.8, 0,02 M 
NaOAc, 0.002 M EDTA) (Loening, Biochem. J. 102:251 
(1967)) followed by audioradiography . 

In experiments designed to test whether 
proteins are necessary for antibodies to precipitate 
RNAs, labeled cell extract was deproteinized by phenol 
extraction and ethanol precipitation and then 
resuspended in 100 /xl of NET-2 before RNA-IP was 
performed as described above. 

Inhibition of immunoprecipitating ability of 

33.H11 by dsDNA or G7-RP 

A quantity (0.1 /xg) of the human IgG 
monoclonal anti-dsDNA Ab 33,H11 (Winker, et al . 1991) 
was preincubated in 500 /xl of NET-2 with 100 /xg/ml of 
calf thymus dsDNA (or Yeast tRNA as a negative 
control) or 100 /xg/ml of G7-RP (or BSA as a negative 
control) before RNA-IP was performed as described 
above. For RNA-IP by 33.H11 which was preincubated 
with calf thymus dsDNA or Yeast tRNA, labeled cell 
extract and washed beds were not treated with RQl 
DNase. 

Anti-dsDNA sera and purification of laG 
Anti-dsDNA antibodies were "detected by the 
Crithidia assay or ELISA. For the affinity- 
purification of anti-dsDNA IgG, SLE patient sera 
containing anti-dsDNA antibodies were applied to DNA 
cellulose columns (Sigma Chemical Company, St. Louis, 
MO) as described above and the eluate was incubated 
with 10 mg of Protein A Sepharose 4B in TBS for 15 h 
at 4°C. After washing 5 times with TBS, IgG was 



4 073^2 



OMi^FlSScip 20487/181 



eluted from the Ab-bound beads with 0,2 M glycine-HCl, 
pH 3 . 0 and concentrated after neutralization. 

For purifying whole IgG from patient sera or 
for 33.H11 IgG, 50 fil of patient sera or 1 ml of the 
supernatant from the hybridoma cell culture for 33.H11 
were incubated with 10 mg of Protein A Sepharose 4B 
and IgG was eluted as described above. Five SLE 
patient sera containing anti-dsDNA antibodies which 
are positive with the Crithidia assay [LG (anti-UlRNP) 
+) , AP(anti-UlRNP +) , CC (anti-Ro/SSA +) , IK(anti- 
UlRNP +) , JP(anti-dsDNA alone)], three samples of 
affinity-purified anti-dsDNA IgG from patient sera LG, 
Ap, and CC [anti-dsDNA(LG) , anti-dsDNA(AP) , and anti- 
dsDNA(CC), respectively], and 33.H11 IgG were used as 
anti-dsDNA-positive samples. As negative controls, 
two normal human sera (DB and CW) , SLE patient FF 
serum containing only antibodies to UlRNP and Sm 
(anti-UlRNP/Sm) , and SLE patient NK serum containing 
only, antibodies to Ro/SSA and La/SSB (anti-Ro/La) were 
used. Three SLE patient sera (JC, AR, and MH) were 
used as anti-ribosomal protein P antibodies (anti-P) 
positive sera. Antibodies to UlRNP, Sm, Ro/SSA, 
La/SSB, or ribosomal protein P were detected by double 
immunodiffusion using bovine spleen or calf thymus 
extract (Clarlc, et al . , d. Iwwunol . 102:117 (19G9) ; 
Mattioli and Reichlin, Arthritis Rheuw. 17:421 
(1974) ) . Human Cohn fraction II (Sigma) was used for 
normal human IgG. 

Inhibition of in vitro translation 
A procedure based on Targoff, et al., J. Clin, 
Invest. 84:162 (1989), was used, modified as follows. 
A standard translation reaction using a rabbit 
reticulocyte lysate system kit (Boehringer Mannheim 
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Corp., Indianapolis, IN) with rabbit globin mRNA was 

set up, with [^H] leucine (ICN) as the labeled amino 

acid. Then 10 /xl of the rabbit reticulocyte lysate 

were preincubated with 1 unit of RQl DNase (RNase- 

free) (Promega) (or water alone as negative control) 

for 30 min at 37<>C. Purified IgG was dialyzed against 

water and concentrated. Lysate with or without DNase 

treatment was preincubated with IgG solution (or water 

alone as negative control) which contains 1 unit of 

RNase inhibitor (Sigma) for 2 h at 4°C. After adding 

all the reaction components and 5 fil of rabbit globin 

mRNA (Life Technologies Inc., Gaithersburg, MD) , the 

lysate was incubated for 1 h at 30°C to start 

translation (completing a 32,5- fil reaction volume). 

After incubating with 3.25 /xl of 1 mg/ml RNase A for 

15 min at 30°C, 5 //I of the reaction was spotted on 

glass fiber filters. After washes with 5% TCA and 

ethanol, cpm of the filters were determined by liquid 

scintillation counting. Translation reaction was 

determined as the average of duplicate translation 

runs (cpm) . Fidelity of the replicates was assessed 

by calculating the Pearson correlation coefficient. 

Percent inhibition was defined as follows: 

cpm after no IgG added - 
cpm after IgG added 

% inhibition = 

100 cpm after no IgG added 

Results 

RNA immunoprecipitation by anti-dsDNA 
antibodies 

The labeled cell extract was treated with 
DNase before RNA- IP was performed because it is 
possible that labeled DNAs, which are precipitated by 
anti-dsDNA antibodies, are detected on the non- 
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denaturing polyacrylamide gel as background. DNase- 
treated ^^P-labeled M0LT4 cell extract was incubated 
with Protein A Sepharose 4B-bound antibodies. 
Precipitated RNAs were analyzed on a 2.5% 
polyacrylamide non-denaturing gel: 33.H11 IgG (1.0 
fig) ; anti-dsDNA-positive patient sera LG, CC, JP, XL, 
respectively; normal human serum DB; normal human IgG 
from Con fraction II (1.0 fig); affinity-purified anti- 
dsDNA IgG (1,0 /xg each) from sera LG, AP, CC, 
respectively; serum NK containing only anti-Ro/La 
antibodies; serum FF containing only anti-UlRNP/Sm 
antibodies; JC and MH sera containing both anti-P and 
anti-dsDNA antibodies, respectively; serum AR 
containing only anti-P antibodies, 33.H11 (0.1 fig) 
was preincubated with 100 /xg/ml each of Yeast tRNA, 
calf thymus dsDNA, BSA, or the recombinant ribosomal 
protein SI (G7-RP) , 33.H11 (0.1 fig) did not 
immunoprecipitate 18S RNA when deproteinized M0LT4 
cell^ extract was used as the antigen. As shown in the 
Western blot, all four sera containing anti-dsDNA 
antibodies precipitated 18S RNA whereas normal human 
serum, serum containing only anti-Ro/La, or only anti- 
UlRNP/Sm antibodies did not. Moreover, 1.0 fig of 
33.H11 and 1 . 0 /xg each of affinity-purified anti-dsDNA 
IgG precipitated 18S RNA while 1,0 fig of normal IgG 
from Cohn fraction II did not. Two sera containing 
both anti-P and anti-dsDNA antibodies precipitated IBS 
RNA whereas the serum containing only anti-P 
antibodies did not. Therefore, it was concluded that 
anti-dsDNA antibodies immunoprecipitate IBS ribosomal 
RNA specifically. 

From the observation of RNA- IP using 
deproteinized M0LT4 cell extract as the source of 
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antigen, the absence of 18S RNA precipitates by 0.1 /xg 
of 33.H11 IgG indicates that proteins are essential 
for 18S RNA immunoprecipitation by anti-dsDNA 
antibodies. 1 . 0 /ig of 33.H11 IgG did not precipitate 
18S RNA, either, when deproteinized cell extract was 
used as the antigen. 

A quantity (0.1 //g) of 33.H11, that reacts 
strongly with both 07 -RP and calf thymus dsDNA, was 
preincubated with 100 fig/ml each of G7-RP, BSA, calf 
thymus dsDNA, or Yeast tRNA before RNA- IP was 
performed. As a result, IBS RNA immunoprecipitation 
by 33.H11 was inhibited completely by 100 ptg/ml each 
of G7-RP and calf thymus dsDNA whereas it was not 
blocked by the same concentration of either BSA or 
tRNA. These results suggest that G7-RP is essential 
for IBS ribosomal RNA immunoprecipitation by anti- 
dsDNA antibodies. 
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Table II. Inhibition of in vitro translation by 
anti-dsDNA Antibodies 



DNase treatment of 
reticulocyte lysate 





Samples 




(-) 

CPM (%INHIB) 


( + ) 

CPM (%INHIB) 


Change 




no added laG FmRNA ( -) ^ 




2, 243 






892 ( 










no added laG fmRNAf+^l 




D U , / / / 






46,966 ( 


— ^ 








<whole serum Ig'G> 




















LG IgG (anti-dsDNA) 


9/zg 


48,261 


(20 


.6) 


16,233 (65 


.4) 


+44 


.8 




AP IgG (anti-dsDNA) 




56, 796 


( 6 


.6) 


23,358 (50 


.3) 


+43 


. 7 


•'O 


CC IgG (anti-dsDNA) 


Sag 








X / f ^ J J \k:> ^ 


• J- / 


+ d3 


. 1 


■I - s 

fi 


rr lyvj V anc 1 - u j_KJ>Jir/ om; 


9/xg 


72, 558 




0) 


47, 477 ( 


0) 




0 




NK IgG (anti-Ro/La) 


9/ig 


79, 896 




0) 


48, 678 ( 


0) 




0 




DB IgG (normal) 


9^9 


91, 999 




0) 


45, 598 ( 2 


.9) 


+ 2 


. 9 


in 


CW IgG (normal) 




83, 749 




0) 


44,165( 6 


. 0) 


+ 6 


. 0 




<af f inity-purif ied IgG 


> 


















anti-dsDNA(LG) IgG 




37, 105 


(38 


.9) 


19,680 (58 


. 1) 


+ 19 


.2 








36, 768 


(39 


.5) 


15, 520 (67 


.0) 


+27 


. 5 




anti-dsDNA(AP) IgG 


l^g 


34, 539 


(43 


.2) 


12, 864 (72 


.6) 


+29 


.4 








35, 555 


(41 


.5) 


12, 659 (73 


.0) 


+31 


. 5 




anti-dsDNA(CC) IgG 


iMg 


50, 590 


(16 


.8) 


14, 247 (69 


.7) 


+52 


. 9 






3/^9 


38, 477 


(36 


.7) 


13,946 (70 


.3) 


+33 


. 6 




33,H11 IgG 




38, 021 


(37 


.4) 


11,853 (74 


.8) 


+37 


.4 








30, 076 


(50 


.5) 


._9, 503 (79 


.8) 


+29 


.3 




Normal human IgG 


1/xg 


74,470 




0) 


48, 714 ( 


0) 




0 




(Cohn fraction II) 


3/ig 


78, 178 




0) 


49, 692 ( 


0) 




0 



Each sample was tested after adding of 1, 3, or 9 /ig 
of IgG, CPM, average of duplicate translation runs 
(cpm in a 5-/xl reaction mixture) . %INHIB, %inhibition 
defined in the text. Change, differences in % 
inhibition that resulted from the incubation with 
DNase-treated lysate as compared to the incubation 
with non-DNase- treated lysate. 
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Inhibition of in vitro translation by anti- 

dsDNA antibodies 

As shown in Table II, in vitro translation of 
rabbit globin mRNA was not affected by the addition of 
9.0 /zg of whole IgG from FF (anti-UlRNP/Sm) , NK {anti- 
Ro/La) , DB (normal), CW (normal) serum, or 1 . 0 and 3.0 
fig or normal human IgG (Cohn fraction II) when either 
DNase-treated or non-treated reticulocyte lysate was 
used. The small inhibition (2,9-6.0%) noted with 
these negative control antibodies in the DNase-treated 
reticulocyte lysate was considered to be nonspecific 
inhibition. Nine fig of whole IgG from anti-dsDNA- 
positive LG, AP, or CC serum, which inhibited the 
translation poorly or not at all when the lysate was 
not treated with DNase, inhibited translation to a 
considerable degree (50-65%) when the lysate was 
treated with DNase, However, only 1.0 fxg of affinity- 
purified anti-dsDNA IgG [anti-dsDNA (LG) and anti- 
dsDNA(AP)] or the monoclonal anti-dsDNA 33,H11 IgG 
were required for translation inhibition (38-43%) even 
if the lysate was not treated with DNase. Moreover, 
this translation inhibition by 1 . 0 /xg of affinity- 
purified anti-dsDNA and 33.H11 IgG was uniformly and 
significantly enhanced when the reticulocyte lysate 
was treated with DNase (see Table II) . As the degrees 
of translation inhibition by 1 . 0 or 3 . 0 /xg of 
affinity-purified anti-dsDNA and 33.H11 IgG were very 
similar, the inhibitory effect of anti-dsDNA IgG was 
apparently maximal (67-80% when DNase-treated lysate 
was used) with 3 . 0 /xg of affinity-purified anti-dsDNA 
IgG added. The quality of the duplicate samples was 
reflected by the calculated value of the Pearson 
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correlation coefficient r^=0.972 for the whole data 
set . 

Discussion 

In the study of RNA-IP, it was demonstrated 

CZ 

that anti-dsDNA antibodies precipitated only 18S RNA 
whereas normal human IgG and other autoantibodies 
(antibodies to UlRNP, Sm, Ro/SSA, La/SSB, or ribosomal 
protein P) did not. Also, this IBS RNA 
immunoprecipitation was inhibited by preincubating 
33.H11 with calf thymus dsDNA or with the recombinant 
r-protein SI (G7-Rp) , Thus, it was concluded that 
anti-dsDNA antibodies precipitate IBS ribosomal RNA 
specifically. Moreover, it was demonstrated that r- 
protein SI is essential for IBS RNA 

immunoprecipitation by anti-dsDNA antibodies. These 
results might support the evidence that r-protein SI 
is located on the 4 OS ribosomal subunit (in 
eukaryotes) where IBS ribosomal RNA is an integral 
component. In Example 1, it was shown that the 
differences of the staining pattern by anti-dsDNA 
antibodies in IF (classical nuclear pattern versus 
nucleolar and cytoplasmic pattern represented by 
33.H11) are due to the differences of anti-dsDNA Ab 
affinity between r-protein SI and dsDNA. In the study 
described above, 33.H11, whicTi has a higher affinity 
for r-protein SI than for dsDNA, penetrate the plasma 
membrane, localizes in the cytoplasm, and remains 
there even after 48 hours of observation. From these 
standpoints, the observation of RNA-IP in this study 
suggests not only that the anti-dsDNA antibodies which 
have higher affinity for dsDNA can recognize r-protein 
SI but also the possibility that anti-dsDNA antibodies 
recognize r-protein SI in the cytoplasm after 
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penetrating cell membranes. Furthermore, as RNA-IP is 
one of the methods for detecting antibodies to native 
RNA-related proteins, the results as described above 
indicate that anti-dsDNA antibodies can recognize the 
native form of human r-protein SI. 

The r-protein SI in E.coli is well known to be 
associated with the 3 OS ribosomal subunit via its N- 
terminal globular domain. It has been reported that 
the major function of r-protein SI of E.coli in 
protein synthesis is at the mRNA binding step, as 
described by Subramanian, Prog. Nucleic Acids Res. 
Mol. Biol. 28:101 (1983). Thus this protein plays a 
key role in translation initiation of E.coli. The 
translation inhibition of globin mRNA by anti-dsDNA 
antibodies was then determined. There are to our 
knowledge no published studies describing a role for 
r-protein SI or its analogue in eukaryotic cells but 
these experiments suggest such a role. However, some 
anti-dsDNA antibodies might have much higher affinity 
for dsDNA than for r-protein SI. Therefore, the 
rabbit reticulocyte lysate was treated with DNase to 
investigate more sensitively the translation 
inhibition. The conclusion from these data is that 
anti-dsDNA antibodies inhibit the translation of 
globin mRNA even when some ^dsDNA exist in the 
reticulocyte lysate and that the inhibition is greatly 
enhanced when free dsDNA is eliminated by DNase 
treatment . 

It is possible that anti-dsDNA antibodies 
inhibit the translation of mRNA by recognizing the 
mRNA binding sites on the eukaryotic analogue of r- 
protein SI and by inhibiting the mRNA binding to r- 
protein SI. Demonstration of a powerful inhibition of 
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protein synthesis by anti-dsDNA antibodies by its 
interaction with the human r-protein SI provides a 
mechanism for a pathogenic role of anti-dsDNA 
antibodies after their penetration of living cells. 
Example 3: Demonstration of Broad Cross-reactivity 
of an anti-Id Reagent with Anti-dsDNA 
from SLE patients. 

Normal human serum was used as the source of 
the ant i- Id that was prepared by passage of normal 
human serum over a column made with affinity purified 
anti-dsDNA Fab from a single lupus patient. Elution 
of the anti-Id with 3 M MgCl2 and pepsin digestion 
resulted in ant i- Id Fabs which was used to coat 
immulon plates. Five different affinity purified 
polyclonal anti-dsDNA populations were then shown to 
bind the ant i- Id Fah^ much more strongly than to 
normal Cohn fraction FII Fab2, about two- fold on 
average. In addition two human monoclonal IgG anti- 
dsDUA antibody samples bound the ant i- Id Fabj more 
strongly than control CFII Fab2. In all cases dsDNA, 
but not RNA, blocked the interactions between the 
anti-Id Fabs and the various anti-dsDNA preparations. 
Affinity purified anti-Ro/SSA, anti-La/SSB, anti-UlRNP 
and normal CFII IgG preparations bound ant i- Id Fabs 
and control CFII Fabs equally. This broad and 
specific cross-reactivity of anti-dsDNA from different 
SLE patients and an anti-Id (anti-anti- Id dsDNA) from 
a normal person has not been previously recognized and 
has potential as an immunologically specific reagent 
to block and/or downregulate anti-dsDNA in SLE. 

Modifications and variations of the present 
invention will be obvious to those skilled in the art 
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and are intended to come within the scope of the 
appended claims. 
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